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One hundred largemouth bass, ranging in size from 148mm to 
385mm, were equally divided into four treatment groups (control, 
tag only, tag and left pectoral fin clip, and tag and all paired 
fins clipped) , and placed into a 5. 56 hectare pond on 22 May and 
25 May 1979. Upon recovery on 28 September 1979, the increase in 
length from the time of most recent annulus formation was found to 
be significantly greater in Age I control fish (x = 125mm) than 
in fish of the same age in the other three treatment groups (x = 
110mm, 10Jmm, and 106mm, respectively) . Lengths at time of re­
covery were also greater for Age I control fish (x = 264mm as com­
pared to 256mm, 246mm, and 244mm) , as well as for the controls in 
the combined Age III and IV class (x = J87mm, 354mm, J4Jmm, 336mm, 
respectively) . A mean weight gain of 229g for the Age II tag only 
fish was found to be significantly greater than the mean gains of 
180g and 177g reported for the Age II tag and left pectoral clipped 
and the tag and all paired fins clipped fish, respectively, while 
the weights reported for the time of recovery showed that the Age I 
control fish were heavier (x = 260g) than the other three treatment 
groups (x = 241g, 222g, and 204g) . 
Observations of largemouth bass in laboratory aquaria revealed 
that fin clipping does not offset the advantage of greater size in 
determining social position. Dominant bass consistently captured 
more food and there was little evidence that fin clipping impaired 
the predatory abilities of the bass under observation. 
The fact that a significant reduction in length and weight 
gains is possible due to fish marking techniques indicates that 
caution should be exercised when dealing with data on marked popu­
lations of fish. 
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INTRODUCTION 
'Ihe marking of fish through fin clipping and tagging is a common 
management practice, 'Ihese techniques are often applied with the as­
sumption that any effect they might have will be negligible. Should 
this assumption prove to be false, the marking techniques would then 
become possible sources of error in assessments of population size, 
density, growth, mortality, and fish movements. 
Many previous studies seem to indicate that, although survival 
isreduced through fin clipping (Crawford 1958, Coble 1971, Nicola and 
Cordone 1973, Mears and Hatch 1976, McNeil and Crossman 1979), the ef­
fect on growth is not significant. However, the results of other in­
vestigations have yielded conflicting conclusions, Ricker (1949) 
found fin clipped largemouth bass to be significantly smaller as well 
as to have lower survival rates than unmarked bass. Shetter (1951) 
found growth and survival to be reduced in lake trout by a left pec­
toral fin clip, but these reductions were not present in his 1952 study. 
Coble (1967) reported lowered survival in yellow perch with an anal fin 
clipped, while those with a left pectoral clip were significantly smal­
ler. 
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Results from tagging experiments are also varied. Jaw tags have 
been shown to reduce growth consistently ( DeRoche 1963, Ricker 1975), 
possibly due to an inte:rf'erence with the feeding processes of the tagged 
fish, 'Ihese tags have been largely replaced by less harsh and more eas­
ily applied tags, which, however, have also been shown to have drawbacks, 
Muir (1960) found that preopercular disc tags caused a marked reduction 
in growth of muskellunge, as well as significantly reduced survival (Muir 
1963), Other tags, including the Petersen disc, the Atkins (disc dangler) 
tag, and the strap tag, have been criticized because they do not allow 
for growth, they cause severe wounds, they are shed too rapidly, or be­
cause they require prolonged handling to secure the tag properly (Cal­
houn 1953, Kimsey 1956). 
In 1968, Dell described the Floy internal anchor tag and its method 
of application. Although this tag has also received some criticism re­
garding poor manufacturer's quality control (Wilbur and Duchrow 1973), 
it has been shown to perform satisfactorily in studies involving yellow 
perch (Stobo 1972), largemouth bass (Rawstron and Pelzman 1978), rain­
bow trout, brown trout, and coho salmon (Rawstron 1973), and has a­
chieved widespread popularity due to the ease and rapidity with which 
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it may be applied. However, the Floy tag has been found to cause an 
initial reduction in growth and significant differences in weight in 
brook trout (Carline and Brynildson 1972), and to be inadequate in studies 
requiring precise estimates of survival and natural mortality rates 
(Rawstron and Pelzman 1978). 
'Ihe purpose of this study was to further research the effects the 
Floy internal anchor tag might have on growth, as well as the effects 
that the combination of this tag and fin clipping might have on a popu­
lation of largemouth bass maintained in a natural environment. I will 
also consider the possibility that fin clipping may affect the social 
interactions of fish held in aquaria. 
STUDY AREA 
The impoundment in which the fish were held for the field portion 
of this study was located in the Fairmount Material Services Quarry, 
Vermillion county, Illinois. It is a shallow, clear pond with a sur­
face area of 5. 56 hectares and a maximum depth of 1. 9m (Figure 1) . 
Coarse limestone boulders make up the larger part of the steep banks 
and the central portion of the pond bottom. The bays on the northeast­
ern and northwestern sides of the pond are actually a gently inclining 
submerged road of limestone gravel and silt. Plant life is sparse and 
consists primarily of partially submerged cottonwood (Populus del coides) 
and sandbar willow (Salix interior) clustered along the north and south 
banks of the northeastern bay. Throughout the summer of 1979 there was 
a gradual increase in algal growth, which consisted mostly of diatoms 
and members of the Zygnemataceae, but, even at its height, this growth 
never achieved more than infrequent colonies, widely spaced throughout 
the pond. A wide variety of aquatic insects and a large number of cray­
fish and tadpoles was noted, but two winters of severe weather had left 
the pond devoid of fish life prior to stocking on 22 May, 1979. 
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METHODS AND MATERIALS 
Field Studies 
One hundred largemouth bass (Micropterus salmoides) ranging in 
size from 148mm to 385mm were collected by boat-mounted electro-fishing 
from the Clubhouse Lake at Fairmount Quarry Sportsman's Club in Fair­
mount, Illinois. Sixty-four were collected and released on 22 May, 
and the remainder on 25 May, 1979. These fish were held in plastic 
live wells and aerated throughout the course of treatment and trans­
portation. 
Four bass of approximately equal sizes were picked by sight, and 
each of the four was assigned to a different treatment group. This 
procedure continued until all of the bass had been assigned. Weights 
and total lengths were taken from each fish before they received their 
assigned treatment. A total of 25 bass received a tag (tag onl.y ) , 25 
received a tag and a l.eft pectoral fin clip ( LP), 25 were given a tag 
and had both pectoral and both pelvic fins clipped (BPV) , and the re­
maining 25 were left untreated. The ranges of total lengths and weight, 
for each group at s tocking are shown in Figures 2 and 3. 
Internal anchor tags (Floy Tag Company #FD 684) were inserted 
through use of a cartridge-fed applicator in the manner described by 
Dell (1968). These tags are approximately 41mm in total length and con­
sist of a 12mm long/2mm wide plastic barrel connected to a T-bar anchor 
with a monofilament line. The barrel has a five digit identification 
number printed on it and is held to the monofilament by means of a plas­
tic knob at its distal end. Earlier studies by the Illinois Natural 
History Survey had shown that the barrel had a tendency to slip off of 
the monofilament, so glue was applied to all tags used. Fins were 
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clipped to the base of the flesh with scissors, All fin clips and tags 
were applied by Dr, William F. Childers of the Illinois Natural History 
Survey without the use of an anaesthetic. 
Any fish exhibiting abnormalities or signs of distress during 
treatment were discarded. Treated fish were then transported to the 
adjacent study pond where they were released by hand and observed until 
they swam off, None of the fish showed signs of distress upon release. 
Thirty-one lake chubsuckers (Erimyzon sucetta) were also released into 
the study pond, in anticipation that they would spawn and provide forage 
for the bass. The study pond was visited an average of once a week and 
observed for signs of fry and mortality. 
On 28 September 1979 the study pond was electro-fished, All fish 
captured by this method were weighed and measured. Tag numbers or wounds 
were recorded and scales were taken, The fish were sexed, when possible 
through examination of their urogenital pore by Dr, Paul Beaty of the 
Illinois Natural History Survey, These fish were then returned to the 
Clubhouse Lake, 
When electro-fishing became unproductive the study pond was treated 
with 2.5 gallons of a 5 percent rotenone solution and mixed with an out­
board motor. As fish rose to the surface in distress, they were collected 
and subjected to the above treatment, as well as dissected for the pur­
pose of stomach content analysis and sex verification. The pond was vis­
ited daily for a week following the rotenone treatment and examined for 
signs of dead fish. 
Scale impressions were made on plastic slides through use of a 
roller press. These impressions were then examined at 40X using a 
Bausch and Lomb Rayoscope. 
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Laboratory Study 
Twelve bass were collected by electro-fishing from the Coles 
County, Illinois, Airport pond. These fish were weighed and measured 
and separated by size into four groups of three fish each. The fish 
in the first group ranged from 168mm to 200mm in total length; the se­
cond group sonsisted of fish which were all 162mm; fish in the third 
group ranged from 157mm to 166mm; those in the fourth group ranged from 
14Jmm to 152mm in total length. All of the paired fins were then clip­
ped on the largest fish in each group, the left pectoral fin was clip­
ped from the next largest, and the smallest received no further treat­
ment. Clips were distributed randomly in the second group, 
The first and second groups were placed in two 90x49x46cm glass 
aquaria, the third and fourth groups in two 77xJ2x46cm aquaria. Each 
aquarium had a layer of course gravel on its bottom and was equipped 
with a filter-aerator, All aquaria had three sides blocked with paper 
with only the length of each tank open for observation purposes, A 
constant 10hr of light was maintained in the aquarium room. 
During an acclimation period of 7 days each tank was partitioned 
with glass at the time of feeding so that three minnows could be intro­
duced into an unoccupied part of the tank each day. The partition was 
then removed and the bass were allowed to feed freely. 
Following this acclimation period, each tank was observed for 10 
minutes in the morning and 20 minutes in the afternoon. All aggressive 
interactions were noted during these observation periods. 
During the last 15 minutes of the afternoon observation period, 
six minnows were placed, one at a time, into each tank, Each minnow 
was released into the aquarium being observed immediately after the 
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previous minnow in that tank had been captured and eaten, so that 
there was never more than one uncaptured minnow in a tank at any given 
time. Any uncaptured minnows were removed at the end of the 15-minute 
period. The number of minnows each bass captured was noted. This pro­
cedure was slightly modified af'ter three days so that the bass were fed 
every other day until a total of 25 feeding observations had been made. 
All bass were then weighed and measured. 
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RESULTS AND DISCUSSION 
Field Studies 
A total of 90 bass was recovered from the study pond. Of these, 
21 were identified as belonging to the BPV group, 23 to the LP group, 
20 to the tag only group, and 26 were identified as having no evidence 
of any marks. Twenty-one percent of all marked recoveries had lost 
either all or part of their ta.gs, and were, therefore, unidentifiable 
as individuals throughout the study, The apparent increase in the num­
ber of controls over the number originally stocked was most likely due 
to the early loss of ta.gs in an unknown number of fish in the tag only 
group. This explanation is supported by the fact that only one fish 
was recovered with an obvious tag wound and no fin clips, whereas five 
were recovered with tag wounds and BPV fin clips and four were recovered 
with tag wounds and LP fin clips. Also, there were two fish in the BPV 
and two in the LP group which were identified as belonging to those 
groups solely by their fin clips, since they had no external evidence 
of ever having received a tag. Since the fish recovered through electro­
fishing (a total of 59 bass) were to be returned to their original im­
poundment, they could not be dissected to detennine if traces of a tag 
wound were present in their myomeres. None of the bass dissected after 
recovery through the rotenone treatment was found to have such indica­
tions. Bass which were stocked as members of the tag only group were 
much more likely to be misidentified as controls upon recovery, since 
they lacked the fin clips which would indicate that a less than obvious 
blemish was actually a tag wound. However, it is thought that any fish 
misidentified in this manner must have lost its tag early enough in the 
study so that it could, for growth study purposes, be considered a con-
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trol, The presence of these undetectable tag wounds, however, precludes 
statistical consideration of survival rates in this study, 
Forty-seven percent of the recovered bass were found to be males, 
44% were females, and 9% were sexually undeterminable. Verification 
of sex in rotenone-killed bass showed that determination through ex­
amination of urogenital pores was 93% correct, Sex is not considered 
to be a factor in growth differences (Kramer and Smith 1960, Schultze 
and Vanicek 1974) , though, and, in order to maintain large sample 
sizes, was not included in the statistical analysis which follows, 
Although .there were no signs of a successful lake chubsucker 
spawn, at least five separate schools of bass fry were present on 16 
June. Stomach analysis of those fish which were recovered after the 
rotenone treatment showed that cannibalism was prevalent in the young­
of-the-year bass. This statement is supported by the fact that five 
out of a random sample of ten young bass ranging from 121mm to 160mm 
were found to contain smaller bass, 49-?0mm, in their stomachs. How­
ever, there was no evidence of cannibalism occuring in the larger, 
stocked bass. The stomachs of 23 of the Ji original stock bass recovered 
through the rotenone treatment were found to contain crayfish parts 
exclusively. This was 100% of all those bass which had food in their 
stomachs. Although this dependence upon crayfish for food may seem 
unusually high, it is apparently common throughout the entire popula­
tion of bass from the Fairmont Quarry Clubhouse Lake, since 95% of 
all bass from that lake with food in theiT stomachs have been found to 
contain crayfish (personal communication from Dr. William F. Childers ) . 
Figures 2 and 3 show the range of variation in body length (TL ) 
and weight for bass within each treatment group at the time of stocking 
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and at recovery, The linear regressions for total body length in mil­
limeters (Y) on the total scale radius in millimeters (X) was: Y = 
1. 686X + 7. 76, This was significant at the P< 0 . 005 level and had a 
correlation coefficient (r ) of 0, 92. The composition of each treatment 
group by age (an Age I fish is in its second year of growth ) and the 
ranges of total length at the time of recovery are shown in Table 1, 
The differences in these totals and those reported for recovery are due 
to the fact that six samples consisted entirely of regenerated scales. 
These fish were included in the frequency distributions, but, since age 
was impossible to determine, were excluded from statistical consider­
ation, To maintain larger sample sizes, Age III and Age 'TV fish were 
combined for statistical analysis, 
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The presence of a control group and the large incidence of tag loss 
necessitated back-calculation of length to the time of most recent annu­
lus formation. These back-calculated lengths were correlated (r = 0. 99) 
with lengths at the time of stocking for those fish which retained their 
tags throughout the study. These lengths were not significantly differ­
ent between treatment groups for each age (analysis of variance; P>0. 05; 
Table 2). Growth increments, calculated by subtracting back-calculated 
lengths from lengths at the time of recovery, were found to differ sig­
nificantly between treatment groups in Age I fish, but not in Age II 
or in the combined Ages III and IV fish (analysis of variance; P<0, 005 
and P >0.05, respectively; Table .3). This difference was due to a 
greater increase in length in Age I control fish than in the other 
three treatment groups (Student-Newman-Keuls procedure; P� 0. 05 ) , When 
growth increments were calculated by subtracting the length at time of 
stocking from the length when recovered (since this requires individual 
identification of fish throughout the study, the control group, as well 
as any other fish which did not retain their tags are eliminated) these 
differences were no longer present (analysis of variance; P�0. 05; Table 
4) . However when lengths at time of recovery were subjected to analysis 
of variance, both Age I and the combined Ages III and IV fish proved to 
have significantly different lengths between treatment groups (P < O .025 
and P<0.005, respectively; Table 5). 
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Initial weights for those fish which retained their tags differed 
significantly between treatment groups when considered by two-way analysis 
of variance for treatment and age (P = 0. 05; Figure 4), however, one-way 
analysis of variance for treatment groups within each age class showed 
no significant differences (P >0 , 05). A plot of weights by treatment 
and age (Figure 4) might help explain this apparent discrepency. It can 
be seen that Age I and Age II fish cannot have been responsible for the 
significant differences; however, the combined Ages III and IV means for 
each treatment group are different enough to cause significance with two­
way analysis of variance. One-way analysis, which could be considered 
more sensitive in this case, since it would be unaffected by the variances 
of the other age groups, could fail to show significance due to the small 
sample size. 
Weight gains were also significantly different by two-way analysis 
of variance for treatment and age (P = 0.05; Table 6) , but, in this ca.so, 
one-way analysis within each age group showed the differences to be due 
to a greater increase in weight in the Age II tag only group over the 
other two treatments (P<0. 05 for analysis of variance and Student­
Newman-Keuls procedure; Table 6; Figure 5). When the actual weights were 
subjected to analysis of variance within each age class, Age I fish were 
observed in only 10 of the total of 50 observation periods. These 
exchanges were not observed during the concluding 19 observation periods 
and the LP bass had apparently firmly established dominance by this 
time. 
In all of the aquaria, the dominant bass made more responses to 
minnows, and eventually captured more prey than did either of the sub­
ordinate fish. However, the percentage of total responses which re­
sulted in successful capture of a minnow was higher in subordinate fish 
in two of the four tanks. It would, however, be presumptuous to con­
clude from this study alone that fin clipping was in any way responsible 
for this variance. 
Although all of the bass were relatively unresponsive during their 
first three days in the aquaria, six fish (two with no marks, one with 
an LP clip and three with BPV clips) were feeding by the fourth day, 
and all twelve bass were responding to minnows by the sixth day. The 
bass which had been fin clipped were noticed to make much greater use 
of their nonclipped fins (notably the soft dorsal and caudal fins) , 
especially while maintaining a stationary position in the water column. 
The amount of these motions was difficult to quantify, though, and was 
virtually indistinguishable between LP and BPV bass. 
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Figure 1. Shoreline anci �ottom contours of a Vermillion Co. , Illinois, pond into 
which 100 largemouth bass were introduced on 22 and 25 May, 1979. 
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Tab l e 1: The n umbe rs of  s urv i v i n g  l argemo ut h  b a s s  i n  e ach a ge and  treatment 
gro up a nd  t he i r ran ges  of t ota l  l ength ( i n  pa rentheses ) i n  a 
Ve rmi l l i on C o . , Il l i n o i s ,  pond . 
Co ntrol  +ag on l y  LP BP V 
Age I 10 (2 45- 2 80 ) 8(2 45- 2 79) 7(2 2 3 - 2 71) 8 (2 2 8- 2 71) 
Age I I 10 (2 6 9- 30 4) 6 (2 6 3 - 3 0 7) 9(259- 307) 8( 2 48- 3 10 ) 
Age III 3 (309- 366 ) 4 (3 11- 36 8) 1 ( 3 77) 
Age IV 4(366- 416 ) 2 (3 76 - 406 ) 1 ( 3 71)  3 (3 50- 392 ) 
Tota l s 2 4(2 45- 416 ) 19(2 45- 406 ) 2 1(2 2 3- 3 71) 20 (2 2 8- 392 ) 
Ta b l e 2 :  Me an  bac k - c ac ul ated l en g t h s  from s urviv ing  l argemo ut h  bas s in 
each  age  and  treatme nt g ro up in a Ve rmill ion Co ., Il l ino is pon d .  
Va l ue s g iven a re mean  tota l l ength s (mm) ± SD, a n d  sampl e s ize s  
in parent he se s .  
Con t ro l  Tag On l y  LP B P V  
Age I 13 8 ! 10 146 + 7 143 :!: 12 13 8 :!: 11 
( 10 ) (8) (7) (8) 
Age I I 196 ± 14 191 :!: 2 2  174 :!: 14 178 ± 2 5  
(10 ) ( 6 ) (9) (8) 
Age III&IV 3 54 ± 19 2 98 ± 60  2 90 ± 43 3 3 5  ± 16 
( 4) (5) ( 5) ( 4) 
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Ta bl e  3 .  Growth i nc rement s  (l ength  a t  rec ove ry - bac k - ca l �u l ate d l ength ) 
fo r s u r v i v i ng l a rgemouth  bas s i n  eac h age  and  t reatment  g ro u p  i n  a Ver­
mi l l i o n Co . , Il l i n o i s , pond . Mean  va l u e s  are g i ven ± SD, wi th  s amp l e 
s i z e s  i n  pa renthe s e s . 
Cont rol  Tag On l y LP BPV  
Ag e I *12 5 ± 4 **110 ± 11 **10 3 ± 18 **106 ± 12 
(10 ) (8) ( 7) ( 8 ) 
Age II 92 ± 12 96 ± 13 100 ± 11 96 ± 11 
( 10 ) (6 ) (9) (8) 
Age I II&IV 3 3  ± 3 56 ± 19 53 ± 20  42 ± 15 
( 4) (5) ( 5) ( 4) 
Aste ri s k s  i nd i cate  SNK hom ogeneous  s ub set s  with in each  age c l as s wit h 
s i gn i fi c ant ly d i ffe re nt va lue s . 
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Tab l e 4. Growth  i n c remen t s  ( l en gt h  at recovery - length  at s toc k i n g ) 
fo r  s u rv i vi n g l a rgemouth  ba s s  i n  each  age an d t reatment  g ro u p  i n  a 
V e rmi l l i on Co. ,  Il l i no i s ,  pond . Mean  va lues  a re g i ven ± SD, wi th  s ampl e 
s i ze s  i n  pa renthe s e s . 
Tag On ly L P  BPV  
Age I 89 ± 8 83 ± 16 83 ± 3 
(8) ( 5) ( 6)  
Age I I 81 ± 1 3  75 ± 11  74 ± 6 
( 5) (8) ( 5) 
Age III&IV 41 ± 15 53 ± 3 1  36 ± 5 
( 5) ( 2 ) (2 ) 
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Tab l e 5. Len gt h s  at  t i me of  reco ve ry fo r s u rv1v1ng l a rgemouth  ba s s  in 
each  age and  t reatment  g rou p i n  a Ve rmi l l i o n Co . ,  Ill i no i s , pond . Va lue s 
g i ven  a re mean  tota l  l en gt h s  (mm ) ± SD ,  and  s ampl e s i z e s  a re i n  pa rent he se s . 
Con t rol  Tag On l y  L P  BPV 
Age  I *26 4  ± 11 *:256 :t 10 **2 46 � 15 **2 44 ± 15 (10) (8) (7) (8) 
Age  II 2 88 ± 13 287 � 17 2 74 ± 15 2 74 ± 20 
(10) (6 ) (9 ) (8) 
Ag e  II I&IV *387 :t 21 **354 ± 42 **343 ± 26 **3 36 ± 16 
( 4) ( 5) (5) ( 4) 
Aste ri s k s  in d i cate  S N K  ho mogeneo u s  s u b set s  wi t h i n  eac h a ge c la s s  w i t h  
s i gn i f i ca nt l y d i fferen t va l ue s .  
Note tha t Ag e  I Tag On ly ba s s  be l ong t o  two S NK su bsets  
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Figure 4. A plot of initial weights for all largemouth bass 
with a tag in a Vermillion Co., Illinois, pond. The vertical 
axis represents weight in grams. The horizontal axis is 
marked off by age class. The solid line represents the Tag 
Only treatment group, the large dashed line is the LP group, 
and the small.dashed line represents the BPV group. 
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Figure 5. A plot of weight gains by treatment and age for 
those largemouth bass with a tag in a Vermillion Co., Illinois, 
pond. The vertical axis represents weight gain in grams . The 
solid line is the Tag Only treatment, the large dashed line is 
the LP treatment, and the small dashed line represents the BPV 
group. 
Ta b l e 6 .  We i g ht  ga i n s (we i g h t  a t  recov e ry - we i g ht  a t  s toc k i ng } fo r 
s u rv i v i ng l a rg e mout h  ba s s  wh i c h  reta i ned the i r tag s i n  eac h ag e and  
treat ment g rou p i n  a V ermi lli on  Co . , Il l i no i s ,  pond . Mea n va l ue s  a re 
g i ven  ± SD, wi t h  sa mple s i ze s  i n  pa rentheses . 
Tag On l y  L P  BPV 
Ag e I 173 � 2 8  152 ± 45 13 8 ± 2 9 
( 8) (5) (6 ) 
Ag e II *2 2 9  ± 3 3  **180 ± 2 3  **177 ± 2 9  
(5) (8) (5) 
Ag e II I&IV 181 ± 87 148 ± 9 148 ± 6 4  
(5) (2 ) (2 ) 
As te ri s k s  i nd i ca te S NK homog eneo u s  s u bsets  w i th i n  eac h  age  c l a s s  w i th  
si g n i fi ca n t l y  d i fferent  v a l ues . 
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Figure 6. A plot of the chang e in condition factor (final K(TL)­
initial K(TL)) by treatment and age for all largemouth bass re­
taining a tag in a Vermillion Co., Illinois, pond. The solid 
line represents the Tag Only treatment group, the large dashed 
line represents the LP group, and the small dashed line the BPV 
group. 
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Tab l e 7. We i gh t s  at  t i me of recove ry fo r  s u rv i v i n g l a rgemouth  ba s s  i n  
each  age and  t reatmen t gro u p  i n  a V e rm i l l i on Co . ,  Il l i n o i s , pond .  Va l ues  
g i ven  a re mean  tota l  we i g hts  ( g ) � SD ,  a n d  s ampl e s i ze s  a re i n  pa rentheses . 
Cont ro l  Ta g On l y  L P  B PV 
Age I *260  � 3 4  *:2 41 ± 3 1  *t222  :t 42 **204  � 40 
(10 ) (8) (7) (8) 
Ag e I I 3 5 2  � 6 6  3 5 8  ± 62  2 96 � 50 2 92  ± 5 7  
(10 ) (6 ) (9 ) (8) 
Ag e III&IV 848 � 15 5 6 82 :t 19 3 62 1 :t 148 75 5 � 10 5 
(4) (5 ) (5 ) ( 4) 
Aste ri s ks i n d i c ate S N K  homogeneous  s ubsets  wi th i n  eac h ag e c l as s w i t h  
s i gn i f i cant l y  d i ffe rent  va l ue s .  
Note t ha t  Age I Tag On ly a nd LP ba s s  be l o ng to two SNK su bse ts. 
Ta b l e 8. Summary o f  o b s erved i nter ac t i o n s  a nd feed i ng res po n s e s  occ urr i ng i n  each  o f  fo ur a qua r i a con ta i n i ng 
t h ree l a rg emo ut h  ba s s . NM i nd i ca te s a fi s h wi t h  no ma rks , L P  a fi s h  w i t h  a l eft pectora l  fi n c l i p ped , and  BPV 
i nd i c a te s  a fi s h  w i t h  bo t h  i t s pec tora l a nd bo t h  i ts pe l v i c fi n s  c l i p ped . In tera ct i on s  i nc l uded  a pproac he s , 
a vo i da nc e s ,  c ha s e s , p hys i ca l  contact s , a nd a n umber o f  s tr i k i ng body movements  i nc l ud i ng body undul a t i on s  and  
jaw fl a r e s  by  the  domi na n t  fi s h  a nd t h e  a s s umpt i o n of  a vert i ca l l y  o r i e nta ted  body po s i t i o n  by  t he  s ubord i na te 
fi s h . A p pa rent  l o s se s  o f  to tal  l en gt h  a re due to frayed ca uda l fi n s . 
Number Per  cent  
of  Number  o f  
Res po n s e s  o f  Re s po n s e s  
F i n In i t i a l In i t i a l End End to M i nnows wh i c h were 
C l i �  We i g h t  Lengt h  We i g ht  Lengt h  M i nnows Ta ken  Succes s ful 
NM 36g 16 8mm 44g 171mm 44 16 27% 
L P  50 178 6 2  180 47 25 36 % 
BPV 6 8  200 89 209 71 49 41% 
N M  3 6  16 2 47 16 8 6 1  27 3 1% 
L P  3 6  16 2 52 171 124 3 1  20% 
BPV 36  16 2 40 16 3 6 5  19 23 % 
NM * 41 157 45 155 15 3 17% 
L P *  27 159 40 155 22 6 21% 
BPV 36  166 59 177 9 1  6 4  41% 
NM* 18 143 3 5  142 19 8 3 0 %  
L P  23 150 3 1  152 52 3 0  3 7% 
BPV 27 152 39 16 3 96 51 3 5% 
As ter i s k s  oc c u r  next  to t he  f i n c l i p s of  t ho s e  fi s h  w h i c h  d i ed d ur i ng the  s t udy . 
N umber  o f  
i n tera c t i o n s  
i n  wh i c h 
F i s h  wa s 
Subord i na te 
182 
19 3 
0 
3 3 1  
57 
3 79 
155 
125 
0 
89 
270 
0 
N umber of  
i n teract i o n s  
i n  wh i c h  
F i s h  wa s 
Dom i n ant  
0 
2 
3 73 
130 
6 3 5  
2 
0 
0 
280 
0 
0 
3 59 
I\) '1 
CONCLUSIONS 
Even though statistical consideration of survival rates was not 
possible in this study, the difficulties encountered are relevant to 
other studies which use an internal anchor tag as the means to mark 
fish for later identification. The loss of these tags, if it occurs 
early in a study, can result in undetectable emigration from an experi­
mental group. The most practical method of countering this source of 
experimental error is to amputate a fin from each fish which is to 
receive a tag. Although individual identification will no longer be 
possible if the tag is lost, the fish is, at least, identifiable as 
having once had a tag. The end result, however, is to add any effects 
resulting from the loss of a fin to the effects the tag might have on 
the fish. 
This study shows that the Floy internal anchor tag can adversely 
effect young (Age I) bass enough to significantly impair their growth 
(Table J ) . Older fish, however, seem to be una£fected (Age II, III, 
and IV control fish in this study actually gained less in length than 
did those in the other three treatment groups, although not signifi­
cantly) . Previous studies (Ricker 1949, Coble 1967) have indicated 
that medium-sized (larger than about 90mm) bluegills, redear sunfish, 
largemouth bass, yellow perch, and yellow bullheads are seemingly un­
a£fected by fin clipping. The results of my study are similar since 
length gains in LP and BPV bass were statistically similar to those 
reported for the Tag only group in all age classes. However, this 90mm 
range would have to be raised considerably for internal anchor tags 
since Age I fish in the present study were all 148mm or longer. 
The statistical analysis of the weights upon recovery (Table 6) 
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is also indicative of a detrimental effect due to marking. Unlike 
the length data, however, the multiple range tests upon weights suggest 
that tagging alone does not cause a significant difference, but, when 
used in combination with a single or multiple fin clip, these differ­
ences are enlarged and become significant. 'Ihese data must be viewed 
with caution since, as already mentioned, there is some indication that 
the weights were initially different. It should also be noted that 
control fish could not be included in the statistical analysis of the 
initial weights or in the amount of weight gained, since control fish 
cannot be individually identified at the beginning of the study, and, 
therefore, cannot be accurately assigned to age classes. However, the 
plot of mean weight gains (Figure 5), which are further removed from 
any differences which might occur in the initial weights, clearly sup­
ports the hypothesis that the combination of fin clipping and tagging 
leads to a much more detrimental effect than would tagging alone, es­
pecially in Age II bass. 
It is interesting that a decrease in length gain due to marking 
occurred in Age I bass, while weight gain is affected in Age II bass. 
An increase in condition factor with an increase in length is well 
documented for the largemouth bass (Carlander 1977) . 'Ibis increase is 
primarily due to the gradual slowing of growth in length in longer (and 
older ) bass, with a concomitant increase in plumpness. Bennett et al. 
(1973) report that in Ridge Lake, Illinois, bass longer than 12 inches 
were heavier, in proportion to their length, than were shorter bass. 
This report corresponds well to the lengths at recovery for the Age II 
bass in the present study. It follows then, that a young bass, rapidly 
increasing in length, would most likely show any detrimental effects 
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of marking by decreased length gain, while an older bass has already 
slowed in length-wise growth and would be adversely af'fected in the 
weight it could gain. 'Ihis difference might be expected in still older 
bass, but was not detected in this study, perhaps due either to their 
larger size, the generally much slower rate of growth they experience, 
or to the small sample sizes. 'Ihe decrease in weight gain with no cor­
responding decrease in length gain might also explain why previous 
studies, which concentrate on length data rather than weights, would 
tend to show no effect due to marking in older, medium-sized fish, A 
consideration of condition factors alone, as in Zweiacker (1972), 
also might not illuminate these effects due to marking. As was found 
in the present study, condition factors do not necessarily show signi­
ficant differences corresponding to the length and weight data, possibly 
due to a buffering action of the mathematical manipulations used to cal­
culate K, or simply due to the small numbers which result from the 
calculation. 
Ricker (1949) suggests that these differences in growth might 
be indirect effects of disproportionate mortality in larger marked bass. 
Coble (1967), however, found little evidence in his study, or in other 
similar studies, that differential predation on marked bass occurred 
or that survival and growth were related in any other way. Indeed, 
in my study, there is no evidence that predation is a source of mortality 
at all, and a close examination of Figure 2 proves that differential 
mortality of larger bass did no occur. 'Iherefore, decreased weight and 
length gains are, in all probability, directly attributable to the 
marking techniques applied. What, then, are possible causes for the 
differences in weight and length gain? 
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Observations of bass in aquaria indicate that fin clipping has 
a negligible effect on the position of bass in their social heirarchy. 
However, the effect of marking on the ability of a fish to compete with 
its peers for food in a natural environment remains relatively untested. 
McNeil and Crossman (1979) indicate that the removal of a pectoral fin 
from muskellunge fingerlings could decrease their ability to capture 
prey and increase their vulnerability to predation. They state that 
this is primarily due to the specialized function of the pectoral fin 
in muskellunge, The removal of the bass' less specialized fins will 
most likely not have as much �ffect, although it certainly must be con­
sidered as a possible factor. 
The observed compensation for the loss of the paired fins through 
the use of the vertical fins must also be considered. Harris (1936, 
1938) presents a convincing argument for the importance of the role of 
the paired fins in maintaining equilibrium and maneuverability. His 
1938 article deals specifically with centrarchids and the relationship 
between their pelvic and pectoral fins, discussing, in detail, the loss 
of control experienced by fish with these fins amputated. He also in­
dicated that compensatory use of the vertical fins would tend to dimin­
ish, but hot remove, this effect. These fish, then, would be required 
to expend more energy obtaining food, due to their less controllable 
and less energy efficient movements. This argument is further supported 
by Horak (1969), who reports a reduction in stamina ( though not signi­
ficant) in one of his two test groups of rainbow trout with paired fins 
removed, The greater amount of energy utilized because of these fin 
clips could easily be the cause of a reduction in growth. 
The presence of a tag could have similar results; such was, in 
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fact, found to be the case with steelhead trout tagged with Petersen 
discs (Clancy 1963). 'Ihese fish showed a 46% reduction in the length 
of time they could swim against a current. 'Ihe internal anchor tag is, 
apparently, untested by these methods, but it seems reasonable to suggest 
that it would have a similar, if not as dramatic, effect. 
'Ihe suggested causes for reduced growth are conjectural, but the 
fact that this study, and others like it, has shown that there are effects 
due to fish marking procedures, indicates that more attention needs to 
be given to these techniques, Caution should be excercised when deal-
ing with data on marked populations of fish, and a reduction in growth 
due to marking technique should be considered possible. 
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APP ENDIX A 
ANOVA Ta b l e s  for Oneway Ana l ys i s o f  Var i a nce  
In i t i a l  Ba c k -ca l c ul a ted l eng t h s  (Ta b l e 2 ) 
So urce o f  Varia t i o n  D. F .  
Between Gro ups  3 
W i t h i n  Gro up s 2 9  
To ta l 3 2  
Between Gro up s  
W i t h i n Gro ups  
To ta l 
Between  Gro up s  
W i t hi n Gro ups 
Tota l 
3 
2 9  
3 2  
3 
14 
17 
Ag e I 
S um o f  S quares  Mea n S qua res  F Ra t i o  
3 86 . 6 5 12 8. 88 1. 19 7  
3 12 1. 2 3  107.6 3 
3 50 7. 88 
Ag e  II 
2 856 . 2 5 
1010 9 . 9 9  
12 966 . 2 4 
Age  III&IV 
12090 . 2 5 
2 3 575. 75 
3 5666 . 00 
9 52 . 08 
3 48.62 
40 30 . 0 8 
16 83 . 9 8 
2 . 73 1  
2 . 3 93 
Leng th a t  Recovery - Bac k - ca l c ul a ted  Length  (Ta b l e 3 ) 
Beb1een Gro up s  
Wi t h i n Gro ups  
Tota l 
Between Gro up s  
Wi t h i n Gro up s  
Tota l 
3 
2 9  
3 2  
3 
2 9  
3 2  
Ag e I 
26 3 4. 9 5  
4041. 78 
6 676 . 73 
Ag e II 
2 57. 15 
402 7. 82 
42 84. 9 7  
878. 3 2 
13 9 . 3 7 
85. 72 
13 8. 89 
6 . 302  
0 . 6 17 
JJ 
J4 
Ag e III&IV 
So urce  o f  Var i a t i on D . F .  S um o f  Squares  Mea n S quares  F Ra t i o  
Between Gro up s  3 1409 . 2 1 469 . 74 1. 790 
Wi t h i n Gro ups 14 ' 3 6 74. 40 262 . 46 
To ta l 17 50 83 . 6 1 
Leng th  a t  Recovery - Leng th  a t  Recovery ( Ta b l e 4) 
Ag e I 
Between  Gro ups  2 192 . 0 4 9 6. 02  0 . 9 76 
W i t hi n  Gro up s 16 1574. 70 9 8. 42 
To ta l 18 1766 . 74 
Age II 
Between Gro up s  2 141. 2 0  70 . 60 0 . 62 9  
�Ji t h i n Gro up s  15 16 82 . 80 112 . 19 
To ta l 17 182 4. 00  
Ag e II I&IV 
Between Gro ups 2 329 . 72 16 4. 86 0 . 52 8  
W i t h i n Gro ups 6 1874. 50 3 12 . 42 
Tota l 8 2 2 04. 2 2  
Leng t h  a t  Recovery ( Ta b l e 5) 
Age I 
Between Gro up s 3 2 178.55 726 . 18 4. 49 4 
W i t h i n Gro up s 2 9  46 85. 6 9  16 1. 58 
To ta l 3 2  6 86 4. 2 4  
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Ag e I I  
So urce o f  Var i a t i o n  D. F .  S um o f  Squa res  Mea n Squa res  F Ra t i o  
Between  Gro up s  3 16 2 3 . 3 9  541. 13 2. 10 3  
W i t h i n Gro up s 29  7460 . 79 257. 27 
To ta l 32  90 84 . 18 
Age  III&I V 
Between  Gro ups  3 6 2 86 .3 9  60 55. 6 5  13 . 486 
Wi th i n  Gro ups  14 11880 . 55 449 . 0 3 
Tota l 17 18166 . 9 4 
In i t i a l  We i g h t s  ( F i g ure 4) 
Age I 
Between Gro ups  2 3 3 3 . 75 166 . 87 0 . 746 
W i t h i n Gro up s  16 3 577. 41 223 . 59 
Tota l 18 3 911. 16 
Ag e I I  
Between Gro ups  2 206 . 90 10 3 . 45 0 . 090 
Wi t h i n Gro up s 15 172 79 . 60 1151. 9 7  
To ta l  17 17486 . 50 
Ag e I I  l &I V  
Between Gro up s  2 742 52 . 70 3 7126 . 3 5  1. 0 87 
Wi t h i n Gro up s 6 2 0 4979 . 30 3 416 3 . 22 
Tota l 8 279232. 00 
J6 
We i g h t  Ga i n s ( Ta b l e 6 ) 
Ag e I 
Sou rc e  o f  Var i a t i o n  D.F . S um o f  S quares  Mea n Squa res F Ra t i o  
Between Gro up s  2 43 32 . 6 3 2 166 . 32 1. 9 3 1  
W i t h i n Grou p s  16 179 48. 00  112 1. 75 
Tota l 18 2 2 2 80 . 6 3 
Ag e  II 
Between Gro ups 2 9 2 47. 6 1  462 3 . 81 6 . 126  
W i t h i n G ro u p s  15 113 2 2  . 00 754. 80 
To ta l  17 2 0 569 . 6 1 
Ag e  I II&IV 
Between Gro ups 2 2 40 5. 36  1202 . 6 8  0 . 2 10 
W i t h i n  G ro up s  6 3 42 86 . 2 0 5714. 3 7  
To ta l 8 3669 1. 56 
We i g ht s  a t  Recovery (Ta b l e 7) 
Ag e I 
Between Gro ups 3 15232.35 50 77 . 45 3. 776 
Wi t h i n Gro up s  2 9  39000 . 20 1344. 83 
Tota l 3 2  542 3 2 . 55 
Age II 
Between G ro ups  3 30 177 . 2 8 100 59. 09  2 . 899  
W i t h i n Gro ups 2 9  1006 16. 2 4  3 469 . 53 
Tota l 3 2  130 79 3 . 52 
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Age I I I &I V  
S ource  o f  Var i a t i on D. F .  Sum of  S quares  Mea n S quares  F Ra t i o  
Between Gro u p s  3 1 2 70 60 . 6 8 42 3 53 . 56 1. 73 8 
W i th i n  Gro u p s  1 4  3 41 2 41 . 1 0 2 43 74.36 
Tota l  17 46 8301. 78 
Cond i t i on Factors  a t  Recovery  
Ag e I 
Between Group s  2 0 . 0 03 3  0 . 0017 0 . 3 6 0  
W i t h i n G ro u ps 1 6  0 .0 741 0 . 0046 
Tota l 18 0 . 0 774 
Ag e  II 
Between Gro u p s  2 0 . 0 1 6 4  0 . 0082 1. 6 1 3  
Wi t h i n Gro u p s  1 5  0 .0 76 1  0 . 0051 
Tota l  17 0 . 0 92 4  
Age III&IV 
Between Gro u p s  2 0 . 03 2 2  0 . 0 1 6 1  0 . 9 9 3  
Wi thi n  Gro u p s  6 0 .  09 71 0 .01 62 
To ta l 8 0 . 12 9 3  
C h a nge i n  Co n d i t i o n  Fac tors  ( Fi g ure 6) 
Ag e I 
Between Gro u p s  2 0.0 751 0 . 0 3 76 1 . 188 
W i t h i n G ro u p s  1 6  0 . 50 57 0 . 0 316 
Tota l 1 8  0 . 580 8 
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Ag e I I  
So urce  o f  Va r i a t i on  O. F .  Sum of  S quares  Mea n Squares  F Ra t i o 
Between G ro u p s  2 0 . 0 328  0 .016 4 1.498 
W i t h i n G ro up s  15 0 .16 42 0 .0 109  
To ta l 17 0 . 19 70 
Ag e  I II &I V 
Between Grou p s  2 0 .  0 186 0.009 3 1. 166 
Wi t h i n Grou p s  6 0 .3366 0 . 0 5 6 1  
Tota l 8 0 .3 5 52 
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APPENDIX B 
ANOVA Ta b l es  for Twowa y Ana l ys is of Va r ia nce  
In i t i a l  We i g hts  ( F i g ure 4 ) 
Sou rce of  Var i a t i o n  D . F .  Sum of  S quares  Mea n S quares  F Ra t i o  
Wit h in Cel l s  3 7  2 2 5836 . 3 1 6 10 3 . 6 8  
Trea tment  2 3 9514. 17 19 757. 0 8  3 . 2 3 7  
Ag e  2 13 7453 9 . 45 6 87269 . 72 112 . 599 
Trea tment b y  Ag e 4 6 3 6 14. 6 8  1590 3 . 6 7 2 . 606 
We i g ht  Ga i n s (Ta b l e 6 ) 
Wi t h i n Ce l l s  37 6 3 556 . 20 1717. 74 
Trea tment  2 10 39 8. 53 5449 . 26 3 . 172 
Ag e  2 16 3 11. 86 8155. 93 4. 748 
Trea tment by Ag e 4 13 41.85 3 3 5. 46 0 . 19 5  
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